An improved and highly reproducible system for invitro regeneration via somatic 11 embryogenesis (S.E), applicable to several varieties of tomato (cv. Riogrande, cv. Roma 12 grande, hybrid 17905 and model cv. M82) has been developed. First, we developed a 13 conventional indirect organogenesis for all four varieties used in this study. The 14 cotyledons and hypocotyls of 6-day-old tomato were used as explants (1-2 cm) for callus 15 induction (CI) on different callus induction media (CIM) T 0 -T 12 (6-Benzylaminopurine 16 BAP, NAA Naphthalene acetic acid, ZEA Zeatin, IAA Indole-3-acetic acid, KIN 17 Kinetin). Maximum CI response was seen on CIMT 6 (0.5 mg/L NAA, 1 mg/L BAP) and 18 CIMT 7 (2 mg/L IAA, 2 mg/L NAA, 2 mg/L BAP, 4mg/L KIN) in a period of 2 weeks 19 for commercial varieties cvs. Riogrande and Roma. However, cv. M82 responded after 4 20 weeks to a combination of treatments [CIMT 6 (0.5 mg/L NAA + 1 mg/L BAP) and 21 CIMT 8 (2 mg/L IAA + 2 mg/L NAA + 2 mg/L BAP + 4 mg/L ZEA)] for the production 22 of calli. The Riogrande, being the most responsive commercial variety, was selected for 23 invitro morphogenesis via S.E. During S.E. young cotyledons and hypocotyls explants 24 were tested on media with different ranges of pH (3 -7) supplemented with 0.5 and 2 25 mg/L NAA. Resultantly, numerous rhizoids (~38) were produced from each explant at 2 26 pH4 in dark conditions. Further incubation of each rhizoid under light conditions led to 27 the formation of a novel structure -rhizoid tubers (RTBs) on MS media supplemented 28 with 5 mg/L TDZ/BAP at pH4. We observed that only lower pH-induced rhizoids and 29 RTBs regenerated into multiple individual shoots on media at normal pH (5.8). The RTBs 30 led to a complete plantlets regeneration in 45 days compared to the conventional invitro 31 morphogenesis (60 days).
constraints and pre-and post-harvest losses [6] . Being a highly perishable horticulture, tomatoes are prone to post-harvest losses. These losses, however, are more prominent in holes to sustain humidity level. Plants hardened for one and a half month were then 164 transferred to a greenhouse with normal daylight conditions for flowering and fruiting.
165
Statistical analysis 166 The data was analyzed using the analysis of variance (ANOVA) via SPSS 23.0, with 167 99% and 95% confidence intervals.
168

Results
169
In the present study, various physical and chemical factors were optimized for 170 commercially important as well as model cultivars of tomato for somatic embryogenesis 171 and invitro morphogenic regeneration.
172
Seed germination and contamination control: 173 The containment of various types of fungal or bacterial contamination during invitro 174 micropropagation is one of the prime prerequisites of successful tissue culture. Seed 175 sterilization and storage conditions affect the overall process of invitro morphogenesis. 176 We evaluated the effect of commercial sodium hypochlorite with and without tween 20 177 and household bleach on seed germination and their efficiency to control contamination 178 (see supplementary Table S1 ). We achieved contamination-free seed germination without 179 sucrose in our experiments (Table 1) . Although sucrose is an important component 180 required for tomato cell cultures, an absence of sucrose also yielded seedling emergence 181 in the present study. and 72% from CIMT 11 . CIMT 7 was found to be the most suitable treatment that leads to 196 soft, fleshy green callus that quickly leads to regeneration. Roma showed callus formation 197 on CIMT 7 and CIMT 6 being 85.9% and 75.89% respectively ( Table 2) . white compact callus (Fig 1) . A hypocotyl-derived callus had many embryoids in compared to cotyledons. The response to callogenesis was found highly genotype-dependent and was affected remarkably by the reproductive background (self-pollination) 219 of the cultivars. Table 3 ). The results showed that explants 234 subcultured on a medium supplemented with 2,4-D failed to produce rhizoids. can effectively induce S.E (Fig 3) . Other than pH 3 in which the medium failed to solidify 252 and couldn't support rhizoid induction (Fig 2A) , the sequence of effective media pH to shooting medium supplemented with 3/5 mg/L BAP and/or TDZ with pH4 and pH5.8.
235
276
Thereafter, the induction of the shoot was exceptionally high on pH5.8 in comparison to 277 shoot morphogenesis which was found to be trivial at a lower pH level (Fig 5) . This
278
suggests that a lower pH with auxins (NAA) is required for rhizoid induction in the induced novel structures -rhizoid tubers (RTBs) in Tomato (Fig 4 A2&B3) Steps of invitro somatic embryogenesis from individual Rhizoid tuber.
293
Whole plantlet regeneration from RTBs: 294 Cotyledon and hypocotyl explants which developed compact green calli on all tested 295 media were sub-cultured to the shoot induction medium after 4 weeks ( Table 5) . Rhizoid 296 tubers were also inoculated on the shoot induction medium at pH4 and 5.8. Maximum 297 number of shoots were induced on SIMT 6 media with BAP (3 mg/L) and IAA (0.1 mg/L) 298 with 67 shoots produced per explant. BAP alone at 35 mg/L was the second most 299 effective medium (SIMT 3 and SIMT 6 ) in shoot regeneration. The shoot induction frequency was maximum for cv. Riogrande with 68.9% using SIMT 6 from cotyledon-301 derived explants followed by RTBs. The result suggested that RTBs-derived shooting 302 occurs in less time and is often accompanied with rooting (Fig 5) . The regeneration 303 results mentioned above had given rigorous shoot formation at pH5.8. 304 Fig 5. (A) Shoot and (B) Root emergence from individual rhizoid tubers. 305 Significant differences were observed among treatments at (p<0.001); all four cultivars 306 depicted differential response to each treatment. The order of shoot-induction frequency 307 from cotyledons was Rio>Roma>Hybrid-17905>M82 ( Table 5 ). The effect of 308 treatment*genotype was found highly significant ( Table 5) . The time for morphogenesis 309 of shoots ranged from 3.5 to 6 weeks after the inoculation on shoot induction media. The 310 newly regenerated shoots were rooted on root induction media (RIM) containing different 311 hormones [ Table 7 ]. Rooting was observed 2 weeks post inoculation. NAA at 0.1 mg/L 312 and 0.5 mg/L rendered a maximum number of roots. Excised shoots were also allowed to 313 develop roots on MS media with and without PGRs. The addition of auxins NAA (0.1 314 mg/L) or rooting hormone IBA (1 mg/L) led to an abundant root formation (Fig 6F) . 
